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ON  TK-^  R-H:\r:]R.M.HJL^i)  a:)])ITION  OF  AI.C0HOL3  TO  NITRILRS 
CATALYZED  BY  SODI'JIl  ^T^{YLM\^ . 

Sodium  ethylate  }ia,3  long  "been  us-^d  as  a  cataly;5er 

in  the  inversion  of  manthone  ,  in  the  acetoacstic  ester 

2 
3ynt)ie3i3~'  and  allied  reactions,  in  the  reactions  of  al- 
cohols -rith  nitriles,  mustard  oils,  aci(i  chlorides,  al- 
kyl  halides  and  in  many  other  cases.    The  -luantitative 
study  of  the  laechanisiii  of  these  reactions  is  of  sreat^jst 
iiuportance  not   only  to  the   or^janic  chenist  hut  to  all 
other  chemists.    In  connection  "/ith  other  investigations 
alonj  these  lines  we  have  taken  up  the  -luantitatiTe  study 
of  the  addition  of  alcohols  to  ni '-.riles  in  orcier  (1)  to 
learn  V-ietJier  the  'Reactions  are  rsversible  and  to  lueasure 
the  equilihriuiri  points ,  ^C-)  to  stud:'  the  exact  natu^'e  of 
the  mechanism  of  the  action   of  the  sodium  ethylate,  and 
other  ethylates,  especially  in  the  ii^.'^t  of  our  ot'ner 
work  -vith  ethylates,  phenolates,  etc.,  which  ha;3  sho^fn 
that  we  can  exp-'ess  the  reaction  velocities  as  functions 
of  the  concentrations  of  both  the  ethylate  ions  and  non- 
ionised  sodium  ethylate. 


1.  Ber.  7^"^  ,    or.p.     (1903) 

2.  Ibid.  ,  39,  '711  (1906) 


In  anothvjr   articla   w.^   have    dho"m    tiia*;    in   Qv^rir   caae 
3tudi'=)d    the    renction 

RC  =N  +  C]gH^OH  ;?=?•  Rn(=]r^n0CpHr, 
is    reversible,    tYxe    aiJiorint    of  nibrile    remaining  'vhen    e'lui- 
libriim   is   ranched    ''roDi   eit-.h'^r    side   bel  nj^   t'ne   followin.j: 


Nitriles   and    Sodium  Etjr'-late    in^Absolute  ^thyl  Alco- 
^hor*at    25° " 


Nitrile      Cone  .    of  Ni- 

Cone  . 

of 

Per  cent 

iiiiido- 

■  Per  cent 

tri 

le   or   imldo-     sodiiun 

estei-  at 

equi- 

inldo-ester 

est 

er  at   be- 

ethylate 

libriiam 

from 

at   equilib- 

C 

innins 

nitrile 

side 

riiuri  from 
ii'iido-est^r 
side 

Benzonitrile 

0.500  N 

0.500 

TT 

''  .5.9 



" 

0.3''5   N 

0.500 

N 

8.37 



" 

0.2'-'0  N 

0.'75 

N 

9.28 

8. PR 

" 

0.2^.0   N 

0.2""' 

N 

9.12 

9.-0 

" 

0.0.^0  N 

0.125 

N 

9.'^2 

9.52 

" 

0.125   IT 

0.500 

N 

11.12 



n 

0.0525N 

0.500 

N 

14.08 



Para  toluyl 

nitrile 

0.250   N 

0.250 

N 

6.80 

5.08 

Para   toluyl 

nitrile 

0.250   N 

0.250 

N 

5.71 



Ivleta  nitro 

ben^onitrileO.O^?,5  N 

0.500 

N 

''8.1 

78.2 

11 

0.0^25   N 

0.250 

N 

77  .7 

76.8 

Meta  brom 

benzonitrile  0.125  N 

0.500 

N 

37.9 

37.3 

n 

0.125   N 

0.12^ 

N 

38.5 

Acetonitrile 

0.500   N 

0.500 

N 

1.44 



" 

0.250  N 

0.500 

N 

1.58 

n 

0.250   N 

0.500 

N(K0C9HrJ1.4A 



ti 

0.250   N 

0.2'^.0 

N 

1.80 



n 

0.250   N 

0.250 

iKKOCoHrJl.^P 



" 

0.250  N 

0.125 

N 

1.54 



If 

0.250   N 

0.125 

N(K0CoHr,)1.4R 



n 

0.2'^0  N 

0.0625N 

1.80 



It 

0.250  M 

0.052' 

^N(K0GpHr,)1.44 



" 

0.125   IT 

0.250 

IT 

2.48 



" 

0.0^25   N 

0.250 

N 

2.55 



Proplonitril 

e0.250  IT 

0.500 

IT 

1.7^ 



It 

0.2'-.0  N 

0.125 

N 

1.7*=; 



ButyronitrileO.2^0  N 

0.500 

N 

0.89 



n 

0.2^-0   N 

0.250 

N 

o.g'^^ 



" 

0.2^-.0  N 

0.12-^ 

N 

0.9^ 



Di    iso  amyl 

cyanamlde 
at   100° 

0.250   N 

0.250 

N 

95.3^ 
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It    is  lavid-ent  then  that  the  equilibriijuri  point  varies  very 
widely  whan  we  st^rt  with  different  nitriles,  the  xjiount 
of  iinidoe3t3r  left  at  equilibriuiii  being  represented  by 
1,  l.'^5,  -.R,  9.?,  3?!. 5,  'yp,,    and  9^  :;er  c.^nt  for  differ- 
ent compounds. 

"^ith  this  point  settled  we  turned  oui"  attention  to 
the  question  whether  the  sodium  ethylate  >-eacts  cata- 
lytically  t-i'"oigh  the  influence  of  the  etlTj'-late  ions,  or 
the  nonioni^ed  aodiuui  ethj^late,  or  both.    A^  fa^  as  we 
know  tjiis  /■general  question  eruariated  in  this  laboratory 
and  has  been  studied  by  no  otlier  collea.Tues.   This 
problem  and  anala^ous  ones  are  of  all  the  laore  interest 
to  UB  because  the  sodium  ethylate  acts  catalyticallj'"  in 
•  the  older  sense  in  that  it  brings  about  its  chami'^al 
changes  liy   its  mere  presence  and  is  not  app'^eciablj'- 
changed  in  its  activity,  whereas  in  the  reactions  with 
alkyl  halides  the  sodiuuu  ethylate  is  entirely  transformed 
into  the  end  products.    It  was  all  the  wore  desirable 
to  us  to  study  this  and  other  similar  reactions,  there- 
fore, to  contiect  these  limiting  cases  in  which,  on  the 
one  hU'd,  the  catalyzer  is  apparently  not  chanj^ed  at 
all,  '--ri  th  those  in  '"}iich,  on  the  other  hand,  it  is  com- 
pletely decomposed.    It  is  of  the  highest  importance 
that  we  have  comiected  these  limiting  cases  experiment- 
ally and  sho'im  that  fundamentally  there  is  no  primary 
difference  in  the  mechanism  of  the  action  of  the  sodi'im 
ethylate  in  the  two  cases,  the  apparent  dissii-iilari  ties 
really  depending  on  a  secondary  -factor,  the  stability 
or  neutrality'  of  intermidiate  products,  and  the  tendency 
of  the  Particular  solution  to  yield  the  lao.^t  nearly  neu- 
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trnl    3yd';oiti.        This   can  "be   llluatr^itad    readily   in   SMch 

e'luations   as    the    following: 

OgH^O  ♦  ICgH^  .^=±  C2Hf^0.IC2H5  ►!  +  (C.^HrJpO 

CpHr,b  +  CH..=  N  .i=?  CH5(=N)0C„H.  -.  CpH.OH  > 

.2^      -^  "^      ^  Bh3C(M)0C2H^  *  Cp%0 

CgH^ONa  +  ICg^  :r=±  CgHsONa.ICgH,.  >  Nal  +  (C.^H.JgO 

C„Hr  ONa  ■^  CH3C  =  N^^=^  CH3C  (=^  NNalOCoHp.  4  CpH.OK ^ 

'^  •'  GH3C{  =  NH)0C2H^  +  NaOCoHr; 

Sti'^glitz  and  '^chli? singer^  hav^  studied,  in  aqueous 
solutions,  the  rrfv-ersa  of  this  reaction,  the  decoi'iposi- 
tion  of  iiaidoesters ,  in  the  prrdssnce  of  barium  hydroxide 
as  catalytic  a.^ent .   They  followed  the  ideas  of  Arrhen- 
ius^  ,  Ostwald"^,  Van't  Hof f^  ,  Warder^,  Reicher^,  Spohr''' , 
Hemptinne  ,  Lbwenherz  ,  and  others,  who  had  shown  that 
ordinary-  esters  ar3  saponified  by  bases  {and  acids)  with 
a  velocity  approximately  proportional  to  the  concentra- 
tion of  the  hydroxyl   (and  hj'-drogen)  ions .   As  a  result 
of  their  very   fine  experimental  work,  they  came  to  the 
conclusion  that  an  imiaoester  is  decomposed  completely 
into  a  nitrile  and  an  alcohol  wi th  a  velocity  propor- 
tional to  the  concentration  of  the  hydroxyl  ions  and  an- 
ions of  t}i_e  imiaoester.   Stieglitz  ha-s  admittedly  ovor- 
loolced  a  principle  brought  out  by  one  of  us,  natiely, 
that  the  nonioniaed  compounds,  such  as  barium  hydroxide 
and  baritim  imidoester  salts,  may  be  concerned  in  such  re 


1.  Am.  Chem.  J.,  39,  ''19  (190P)  . 

2.  Z.  physik.  Chem.,  I,  110  (18^7). 

3.  J.  prakt  .  Chem.,  (9.)    ?.8 ,  4  19  (1^93). 

4.  I^ftudes  de  dynamlque  chimique. 

5.  Am.  Chem.  J.,  3,  340  (1^^?.). 
'.  Lieb.  Ann.,  P,?>8,  ?,57  (1185). 

7.   Z.    Tohysikal.    CheLi .  ,    P.,    194    (1=5^8).        8.    Ibid.,    13,    5^^  1 
(189d);    31,      3r^     (1899).  9.    Ibid.,    15,    39f>    (1894). 

10.  iiiss  iiarion  Brown   is  now   eng'-j^od   on    the   analogous    study 
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acMons.    It  can  be  shown  t'l^t    3tie;i;li ta' s  exc'-illant 
work  harmonizea  batter  wit  a  our  trieory  than  with  his, 
and  that  our  work,  in  ^i)  ich  we  can  iiior-?  accurately  meas- 
ure all  the  neceaaa-ry   data  ,  leads  to  the  belief  fnat  he 
has  perhaps  interpreted  his  exp^rimftnts  unfortunately  in 
that  he  did  not  consider  the  fact  that  BOTH  the  nonlon- 
iaed  bariuM  hydroxide  and  the  hyd.roxyl  ions ,  and  nonion- 
15.®^  and  ionized  i^^idqester  salts,  may  be  concerned  in 

the  .r sac^'^i.oJl  • 

Before  our  own  work  was  unde>'taken  we  exainined 
Stie^^litz's  data  and  saw  that  we  secu^'e  constants  just 
as  good  as  his  if  we  consider  that  ^i  -  ^  -or   barium 
hydroxide  and  that  a  grajii  I'lOlecule  of  nonioni-aed  barium 
hydroxide  is  Just  as  effective  in  decoiiiposing  imidqeaters 
2L3  i_3  a  gram  ion  of  hydroxyl  ions .   The  reasons  for  the 
apparent  equal  yaliditj'-  of  these  two  different  interpre- 
tations of   the  experimental  work  of  Stieglita  and  Schles- 
inger  is  that  in  the  solutions  studied  the  barium  hydrox- 
ide is  nearly  completely  ionised,  93  to  9". 5  per  cent, and 
that  the  si-iall  influence  of  the  nonioni.ied  portion,  ^...^ 
to  ''  per  cent,  is  iiasked  by  the  experimental  errors  nec- 
essarily involved  in  even  this  fine  work.    These  uncer- 


of  the  saponification  of  thioesters  by  sodium,  potassium, 
lithi'im,  ammonium,  etc.,  sulp:ahydrates  in  absolute  ethyl 
alcohol  in  order  to  learn  whether  both  the  ionized  and' 
nonionized  sulphh^'-drates  react  with  the   thioesters.  The 
much  smaller  ionization  of  these  salts  in  alcohol  will  -^i- 
low  us  to  measure  the  possible  activity  of  the  nonionized 
sulphhydrate  much  better  than  can  be  done  in  aqueous  -so- 
lutions in  which  thf»  concentration  of  the  nonionized 
sulphhydrate  is  much  smaller  than  in  alcoholic  solutions 
of  the  sajiie  concentration. 


tainti'^3   ai"9  aivia^'ent    'vhen   "re    3oe    that    the  'vidfjat   varja- 
tion    in   Ktt    in   a   r-^iv^n   series    soiiietiines  becomes   as  hi/:;h 
as  ?3   and  '^5   per   cant,    as    in   Tables  XX'.''  b   and  XV  b,    and 
avorai;:-?3   about   9  per   cent    for    all   of   t}ie    series. 

In    the    following   tables  ^re  have   givon   the    Oofjential 
details   of  Tables  XX,   JXIY ,    ^aVIII  ,   X7JCII   and  X7jm    in 
Schlesinjer' 3   article.         In    the    first   ooliuin  are    ^^iven 
the    concentrations   of  barium  hyd:'"oxide  used,    in    the 
second    the    value   of  K   ,    in   the   third   the    value  Kq-^  ,    or  K^, 
obtained  by   Schlesinger ,    in   the   fourth   the   devi^'^ion   of 
each  number   in  coluiin   three    from   the  mean  of  the   entire 
column,    in   the    fifth  the    constants  calculated   simpl;'- 
''rom  the    concentrntion   of   the   bariiom  hydroxide   on   our 
•assumption    that    perhips  K^    -   }^,    anc.    in   the   sixth  the 
deviation   of   each  number    in   column   five    from  tlie  mean 
of   the   entire   column.        "'e   did  not   take    the   trouble  to 
f-efer  the    constants   in   column   five   to   the    sarie  units  used 
by   Schle3in[;er  but    give    simply   the  quotients   of  corre*- 
spending  number's    in   columns   one  and   t-vo .        The   errors 
involved    in    the    t'^'o  methods   of  calculation,    as   s^ic^i    in 
columns   four   and    six,   are    the  points   of   real   inte-est. 


(Table   XX) 


lone,    of 

\, 

K. 

•]rror   in 

\ 

"•>ror   in 

Ba(OH)_ 

^f 

3chl  ?liinger 

Per  '"lent. 

Per   Cent 

?. 

Schlflsin^fli 

r 

5.90 

102 

0  .Pfl'' 

+3.8'i 

17  .9.8 

^P.S-^ 

5.flO 

100 

O.f'Pfi 

+  3. ''5 

1'7  .?,4 

+  5.31 

11.40 

193 

0.8''3 

^2,23 

1(^.93 

♦  4.03 

12.00 

?03 

0.871 

+  1.99 

1^.91 

+  3.91 

31.  PO 

nil 

0.837 

-1.99 

1^  .07 

-1.83 

31.10 

49'' 

0.833 

-2.46 

15.98 

-?..38 

4^.  .SO 

^A2 

0.840 

-l.^A 

15.97. 

-?.  .75 

(4^.00) 

C'U) 

(0.812) 

(-4.9") 

(15.44) 

(-5.r.9) 

-70.  •'0 

1090 

0.835 

-•2  .2'6 

15.53 

-5.13 

''O.^O 

1090 

0.830 
0.8^4 

-2.81 

15.44 
1^^3^ 

-5. '^9 

(Table  XXIV; 


:onc.    of 

-% 

5v. 

:]rror   in 

\ 

Error   in 

Ba(0H)j, 

Schlesin^er 

Per  Cent. 

Per   Cent 

Schlesinf^er 

35.90 

205 

0.298 

-0.-'' 

5.''1 

-0.175 

35. -70 

7,02 

0.298 

-0.'^'' 

^.<^<^ 

-1.049 

57.  .20 

299 

0.301 

4  0.33 

5. ''3 

i-0.1''5 

53.50 

310 

0.290 

-3.33 

5. ''9 

+1.223 

''0.10 

401 

0.307 

t2.33 

5. ''2 

£0.000 

"0.40 

402 

0.307 
6.360 

+  2.33 

5. '71 

!^;7^ 

-0.1''5 

{Tal)le    XX^TTI) 


Cone,    of 
BalOH)., 


^ 


1 

ichlesin.f 


^ri"or   in 
Per   Cant . 
!r      ochleain^'^r 


"^rror    in 
Per   Cent 


30.  SO 
30. -70 
'=11.^0 
^4.30 
45.60 


15?. 
l''l 
?.5  5 
•5  91 
P.O" 
''.lO 


0.?55 
{0.?85) 

o.^'iO 

O.PAl 
0.?39 
0.?.39 
0.239 


•  5.-9 

.7.90 
^O.P3 
0.00 
0.00 


4.9P 


+  9.45 


4.54 

-0.2?. 

4.55 

0.00 

4.15 

_n  .''9 

4.'^3 

-0.43 

4.55 

(Table  JJOCII) 


lone,  of 


Ba(0.'^), 


\ 


K.        Error  in 
Per  Cent, 
3ehlesin,39r   Schlesinger 


30.90 

5'7.5 

0.114 

0.00 

2.19 

+  0.92 

32.20 

5''. 5 

0.109 

-4. 38 

2.10 

-3.22 

4 -.20 

101 

0.115 

+  0.88 

2.19 

+  1.38 

46.50 

109 

0.123 

+  -^.90 

2.34 

+  ''.°3 

51.50 

130 

0.113 

-0.88 

2.11 

-2  .''5 

51.50 

128 

0.111 
0.114 

-2.53 

2.0O 
2.1'7 

-4'!  15 

(Table  XXX' ''I) 


Cone  .  of 

3a(0H)„ 


32. -70 
43. ''0 
52.50 


510 
^90 
930 


K, 


Schlesini^er 


1.52 
1.5^^ 
1.55 


H]v-ror 

in 

Kn 

Krror   : 

^■jr  Cent  . 

Ver  Cei 

Schlesj 

.ncer 

*0.52 

15.5 

+  1.30 

+  3.11 

15.  P 

-''  .50 

-3. '72 

- 

14.9 

-r5T4' 

-3.25 
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"Tien  the^-i  tables  are  insp^ct'^d  it  is  aten    that  the 
arrors  in  coluiiina  four  and  3ix  are  unifoniily  o^  the  3fun'=» 
magnitude.    Table  7JC  is  the  least  satisfactory  ona  given 
by  Schlesin^ter ,  the  variations  in  a  given  series  aiaount- 
ing  to  2^^   per  cent  in  soiue  cases.   If  Table  XX  is  oiidtted, 
the  average  of  all  the  values  given  in  c^luum  four  is 
^..14  per  cent,  'vhile  that  of  coluirin  six  is  identically 
the  sajue  .    1"^  Table  XJC  is  included,  the  average  of  col- 
umn four  is  ''.'^^  p3r  cent  and  that  of  coliJU'in  six  is  T.'^l 
pe'-  cent.    "'hen  "e  recall  that  the  average  j'laxiirn.m  var- 
iation of  the  constants  in  a  se-ies  is  9  per  .?ent  ,  it  is 
seen  that  this  difference  bet^'/een  '^.''1  per  cent  and  ?.  ."'5 
per  -ent  is  >vell  within  the  experimental  e'-rors.   "'e 
could  be  as  fully  justified,  therefore,  in  believing  that 
barium  hydroxide  acts  through  both  its  nonioni^ed  form 
and  the  hyd^ox;''l  ions,  as  a^'e  Stieglitz  and  Schlesinger 
in  using  the  theory'-  that  the  imidoesters  are  decomposed 
hy   hydroxyl  ions  alone  in  a  way  sho-ra  by  Arr}ienius,  Ost- 
wald  and  othe-^s  to  hold  for  ordinary  esters. 

?or   this  reason  we  have  chosen  alcohol  for  use  as 
th-3  solvent,  whenev3r  possible,  for  studying  'reactions; 
the  nonioniz9d  salt  is  preiient  in  much  larger  concentra- 
tions and  it  3  influence  can  be  measured  with  much  greater 
accuracy.    Our  o-m   wor'-c  in  alcoholic  solutions  has  sho"Ti 
that  the  velocity  of  decomposition  of  imidoesters  is  a 
function  of  the  concentrations  o'^  both  the  ethylate  ions 
and  the  aodi'om  ethj'^late  laoleculea,  the  values  K-  :  '■\^    - 
0.1140  :  0.1003  and  K^  :  '<^^   ^  0.r^44  :  0.??,8  having  b^en 
found  for  ben/.iiuido  ethyl  est^r  and  ic^timido  eth^'l  ester, 
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for  2x^jnpl3  .    "'9  con 3 id ',3''  in  this   nasa,  hs  in  oth'^ra, 
sodi'om,  potassium  and  other  ethylatea  to  he  bases  in 
ethyl  alcohol  analogous  to  "--h'^  co*' re  spending  hydroxides 
in  water.    If  vve  were  to  work  wit>i  sodiiua  ethj'^late  solu- 
tions iiiore  dilute  than  0.00?  N,  th-^  pjr  ce)it  of  ioniza- 
tion of  the  etlx''l3-t5  would  he  :^ound  to  he  above  90  ;)er 
cent,  and,  as  in  Stieglit^i's  work  'vith  hariuai  hydroxide, 
the  -reaction  velocities  would  h^  .so  nearly  proportional 
to  the  concentration  of  the  ions  that  the  activity  of 
the  sodiijiii  ethylate  molecules  -'ould  he  iiasked  h;'-  exper- 
imental errors  to  just  the  saiie  extent  observed  in  the 
work  of  Stieglitz  and  Schlesinger  with  bariuii  hydroxide. 
Fortunately  we  can  -'.'ork  with  solutions  as  concentrated 
as  0.?FiN,  In  which  the  concentration  of  the  ethylate 
ions  is  only  about  30  per  cent  anc  the  concentration  of 
the  nonionized  sodium  ethylate  ''O  per  cent,  ?ind  in  which 
the  change  due  to  the  molecules  is  about  9.0   times  as 
large  as  in  0.002  T.   solutions  and  hence  easily  i::e?,sured. 
Our  work  shows  the  theory  of  Stieglitz  to  he  y^p.rtially 
correct  in  that  it  proves  the  imidoesters  to  be  decom- 
posed by  hydroxj'l  and  ethylate  ions,  and  further  substan- 
tiates our  still  broader  theorj'-  that  both  ions  and  non- 
ionized  compounds  must  be  considered  in  the  study  of  re- 
action mechanism. 

If  the  rate  of  reaction  of  the  imidoester,   or  of 
the  nitrile,  is  a  function  of  the  concentrations  of  both 
the  ethylate  ions  and  the  nonionized  sodiiui^  ethylate, 
the  reaction  velocity  would  be  expressed  hy   the  equation, 
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dx    .  }q  fK^oc    +   \',  (1   -  -^  )]    J^  ^   ethylate  x    (A^    -  x) 
-KgJKicc    ^   K^'^d   -   a)]     X  C    ethylate  x    (A^    -   x)  , 
in  'vhich    it    is  assumed   that    the    concentration   of   the   al- 
cohol   is   practically  a   constant,    involved   in  K,  ,    thatctis 
the   per   cent    of   ioni/,aticn   of   the    sodiiuri  ethylate,   C    e thyl- 
ate,    that   K^   is   the    catalytic   effect    of   the   ethylate    ions, 
t>a  t  ]^   is   the   catalytic   effect   of   the   nonionized   sodiim: 
ethylate,    that   A^^is   the   original    concentration  of  the 
iinidoester,    that   Ao    is   the   original   concentration   of  the 
nitrile,    -.nd    that  x   is    the   change    in   concent>-ation   of 
the   iiuidoester    in   the   time    "t".        The    inte-^ral   of  this 
enuation    is 

K,    ^1    ]n  ^^1-^^- =    (^l+KpJ  f^'i^i+^m    (l-c<Jx  C   ethylnti 

*  KAi-A2-(K+l)x    r    [Kio(+Ki,i(l-c<]]  X  C    ethylate 

in  '"hich 

K  Ki  CKjoc -t-K^    (l-«i]  X   C    ethylate      r     ]2l  nd 

Ko  [K- fli+]^;i    (l-°()]  X  C   ethylate  Ko' 

Te  actually   find  K  to   be    constant   within   the   experirnental   er- 
rors,   and   hence    independent   of   the   concentration   of   the 
sodium  ethylate.        Ky    should   be   constar.t  with  var^'i^^'S 
concentrations   of  nitrile   and  a  constant   concentration 
of   sodium  ethylate,    provided   that   no   double   compounds  are 
formed.        As   a  matter   of   experiuient   've   find    in  Table   XIX 
an   increase    of  only   ".4   per   cent   in  K^  with  an   increase 
of  POO  per   cent    in  the   concentration   of  acetonitrile .     "'e 
have   therefore  used   only  one   concentration  of  nitrile, 
O.^'^O  N,    in  all   of  the    quantitative   studies.        In   the    re- 
mainder  of  the  article   we    shall  use    the   exp^e^jsions   K 
and  K^^    instead   of  k!     (K-^+K;^)    and  k'     (^^  merely 
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for  convenience.   Havinc  then  obtnined  the  diff^jrert 
values  % ,  K'y,  K"  ,  for  the  different  concentrations  of 
sodimi.  ethylate,  1  ,  ]_    ,1  ,  etc.,  "'e  need  only  L.ultii'ly 
the  dif-f'erent  values  of  IC  by  the  values  for  the  corre- 
spondinc  V  and  we  obtain  a  series  of  sinultanenus  e  lua- 
tions 

-^n   =  V'-\(l--')' 


K^    3    K^«"+K    (l-w")  ,    etc 


in   '^hich   K    ,   K'     ,   X"    ,    etc.,    given   in  Table  XIX   represent 
the   reaction   velocities  which  would  be   found   if   the   solu- 
tion 'vere  nornal   vrith   respect    to    sodiiun  ethylate   ha.vinc 
the    degree   of   ionization   q(,o<',oc",    etc.        "^en    these   e- 
■quations  are    solved  we   obtain   in  Table   TOC   the    values 
0.344   and  0 .29,P.    for  K.    and   K^^ ,   which  are   constant  within 

the    exTjerimental   errors,    the    ratio  K.  :K     being  approx- 

1  m 

imately  1.5.   This  is  entirelj*-  in  hartiony  with  our  work 
on  the  action  of  alkyl  halides  on  sodiim.  ethylate,  on 
sodiuBi  phenolate  and  sodiim;  l-phenyl-3-thicurazole ,  in 
"hich  we  have  found  that  we  can  express  the  reaction 
velocities  as  functions  of  the  concentrations  of   the  ions 

and  of  the  nonionized  salts.   The  --atios  K,  :K  are  ?,  .13, 

^     m 

?.R1  and    ?,.41   for   the    reaction   of   sodivmi  ethylate  with 
diethyl    iodide,    ethyl   iodide   and   eth:^l   bromide,    r-espective- 
ly .      "^e   iic-ve    furtheriuore   substituted   the  values   0.344 
and   0.2?,''    in  the   various   equations  K     -   ^i*  *\:    ^l-"^)* 
Kjl^      =      -"^i"^' ■•■■'V    (!-*'),    etc.,    corresponding   to    the   dif- 
ferent   values   of  di,^'  ,^,      etc.,    pjid  have   obtained   values 
for    "K^    calculated"   which   are    sho\vn    in   Table   IQll    to   agree 
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very  clOHely  with  the  "K^  found"  obtained  'jxijeriinentally . 
We  may  conclude  then  that,  in  some  respects,  aodiiun 
ethylate  behaves  to'vard  the  unsaturated  nitrilos,  CH  n=N, 
.iust  HH  it  does  to^mrds  the  unsaturated  alkyl  halides, 
CH-7li  ,  an  unstable  addition  product  probably  beinc 
fonjied  as  an  interriediary  step  in  both  cases  on  account 
of  the  unsaturated  character  of  these  substances. 

But  we  have  fortunately  been  able  to  go  one  step 
further  in  this  -vork.   ^Tien  "re   exaiuine  the  above  equa- 
tions we  see  that  we  could  look  upon  the  reactions  as 
an  acceleration  of  the  purely  ionic  reaction  by  another 
reaction  which  we  have  called  the  nonionic  reaction, 
whose  coefficient  is  Kj^^.    This  salt  effect  is  a  very 
•important  phase  of  reaction  mechanisms,  is  not  very  well 
understood  at  present,  and  ha-s  bean  a  subject  of  inves- 
tigation by  us  in  all  of  our  quantitative  studies  with 
the  urazoles,  amides,  ethylates,  etc.,  etc.;  it  has 
furthermore  received  attention  from  a  larc©  moiriber  of 
other  workers.    Arrhenius   sugs-^sted  that  this  salt 
effect  is  due  to  the  cations  of  the  salt,  and  Euler" 
believes  that  these  cations  change  the  ioniiiation  of 
water  and  hence  influence  the  rate  of  those  reactions 
in  which  -vater  is  one  of  the  reacting  constituents. 
Stieglitz  has  adopted  these  ideas  and  applied  thari  to 
his  iii.idoester  work.^    He  thinks  that  he  has  found 


1.  Z.  physik.  Cheia.  1,  110  (1R«'') 

2.  Ibid. ,  3?,  35^  (1900) 

3.  Am.  Chem.  J.    39,  43"  (1908),   39,  S^.*^  ;   39,  "19, 
.T.  Am.  Chem.  Soc .  32,  ?.?2  (1910) 
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evidence   for    the    support  of   their    theories,    especially 

the   idea   of    ^uler   that    the    "salt   effect"    of   the  cation 

is   chiefly  only  a   chani^e   in    the   icti^e  niass,    or  per   cent 

of   ioniiiation,    of  the   '.-rater.        But  we   shall   show   in  an 

accompanying  article    that    Stieglitz   has   perhf.ps  made   an 

unfortunate    interpretation   of  his   orvn   experiinentaj.   work. 

His    experimental   data  have  been   recalculated  by  us   and 

found    to   z^Ye   a   full   and   complete   verification   of   our 

ideas   of    "salt   catalysis"   rather   than  of   those    of  Ar- 

rhenius   and   ^<]uler  ,    and   prove    that    the    "salt   effect"    is 

nothing  more    than   the    transfoniiati  on   of  the   nonioni/.ed 

imidoester    salt. 

C5H5C{=k2)0CpH5    +   HoO >  CgHsC  (OH)  (Sh3)0C2H5 > 

^  "^        '^  ^  CgH5C00C2H5   +   JTH4  . 

C-,HrC(=lWpCl)OCpK^    +   HpO >CaH..C(OH)  (KH3C1)0C2H5 ^ 

^    ^  ^  2    5..  6    5  c^^H^COOcIhs    +■   NH4CI, 

Starting  from  the    idea   that    the    "salt   effect"  may  be 
due   to   another  reaction   involving  nonioni^ed  complex  com- 
pounds,   perhaps    in   traces   in  some    cases,   we  have  developed 
the   abov-3  equation,   K^  =  K^c/   +   K^(l   -  °()  ,    to    express    such 
a   reaction  when    the   nonionized   salt    (e.g.    sodiiun  ethylate) 
forms  the  nonionized  complex,    ajid  also   the   alternate   equa- 
tion,  K^  -  K^  o<  +   ^("TT")    which  applies   if   the   nonionized   cour 
plex   compoMnd    is  formed   from  the   anion  and   cation   together 
We   have    sho'vn    in   other    papers      that    the  first   equation  ap- 
plies  in  all   cases,  whereas   the   second  applies   in   only  two 
cases,   which  may  be  due    to   algebraical  accidents .      It  will 
no*"   be  shown   that    the  first   equation  applies  ■«  ry  closely 
in   the  present  work,   whereas    the   second    eciuation   leads   to 
no  constants   at  all. 
1.   Log.   cit. 
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The  method    is   -very  simple.      Let   us    take   the   case   of  a 

solution   of  0.2^  N  acetiniido   ethyl   ester   and  0.0'iP.r)  N 

sodiuiii   ethylate,  f or  which  we  found   the   equation     K^  - 

K^di    +   K^(l   -ot)    to    f;ive  K^  ^  0.P.84R,   oC  -   0.4R'',    K^    =   0.344 

and    K^^  =   0.2^.B.      If   the  equation  K^  =  K^«v   K^t'y  )    were 

true    then    the   addition   of   sodiuir;  iodiue  to   this    solution 

of  sodii-U;.  ethylate  and    iiiildoester    should  suppress  the 

ionization   of  the    sodixm:  ethylate   in  accordance   with   the 

isohydric   principle,   which  we  have   proven   expe  ritien  tally , 

and    should   therefore    decrease   the  value   of  K^o< .        But    the 

d.ecrease      in    o*:,    the   concentration   of  the    ethylate  ion,    is 

small    in  comparison  with  the    increase    in  «,,    the  concentra- 

V 
tion   of  the   sodium  cations.      If,    for  instance,   we  were   to 

add   seven   equivalents   of  sodium  iodide   to  0.0^?>^  N   sodium 
ethylate   and   0.25  N  acetimido   ethyl   ester,    the    ionization 
of   the   sodiian  ethylate    should  change  from  th8,t   of  a  'K^l^ 
solution,   0.48*7,    to   that   of  a  n/2    solution,   0.234,    in  ac- 
cordance  with   the   isohydric   principle,    and    the    value   of 
K^ot  would  change    from  0.344  x  0.48'^  =   O.l^'^Fi    to   0.344  x 
0.234   -   O.OS05,  a  decrease   of   52  per  cent.      But   if  we  use 
the    calculated   value   8   for  K^^,    the   value   of  K^    (^)   would 
change  from  0.118    to   8  x  0.234  x  0. 1^=11   or   0.3014,   an    in- 
crease  of  about   1*^0  per    cent.      As   a   consequence,    then, 

the  -value   of  K      should    increase   from  0.2«4R   to   0.3819, 
n  ' 

or  34  per  cent,  when   "^   equivalents   of   sodium  iodide  are 
added.      If  the  total   change  were    one   of   the    cations  and 
anions    to?;ether    in   one  reaction,    increased  by  the   cations 
in  anot>ier    reaction,   the  rate  would    change  from  O.Ol^P, 
for   the  O.O'^;?^  IT   sodiiuti  ethylate   alone,    to   about   0.0'^^P.^ 
an    increase    of   320   per   cent   by   the  "^   equiva,lents   of    sodiui;i 
iodide.      I^  the    reaction  were   one   of  the  sodiiun  ethylate 
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niolftcules.increaaed   by  anoth'ir  reaction   of  the    cations, 
thj  velocity    would   chanc?  froir.  O.Ol'^fi   for  the  0.0^'^''^  N 
sodiiu/.  ethylate  alone,    to   0.0'=;'^3    in   the   presence    of   '^    e- 
quivalents   of    sodlun.   iodide,   an    ircrease   of  ?P^   per   cent. 
As  a  matter   of   fact   it    decr'^mses   to  0.?,51?. ,   and    no   one   of 
these   three  hypotheses  holds   in   our  work. 

But   let  us  calculate  wliat    should  be    the   change   of 
our  alternate    theory   holds,    ?Jid   the   equation  K;^    -   K-oc    ■»- 
K.  (1-d)    represents    the    true   course    of  all   the   reactions 
studied,    even  when   an  added    salt   changes    the    reaction  ve- 
locity   through   the    so-called    "salt   catalysis."        As 
stated  above   the  value    of  K.q<   should  be   changed   frcm 
0.344   X   0.4^''   =   0.16'75    to   0.344  x   0.234    =    0.0R05,    and    the 

•value  K      (1-*)    should  consequently  be  changed   from  0.?,2B 
m 

X  0.513   =   O.ll-?    to   0.22^  X  O.''^^   =   0.1''45.        K^^   conse- 
quently  should  be   changed   from  0.344  x  0.487    +   0.?-?8  x 
0.'^13   =    0.?848    to   0.344   x  0.334    +    0.?,?.8  x  0.'''^^    =    0.?,551. 
We   find    actually;-  experimentally  0.'^.r)l?,  wi-iich   differs   from 
this   calculated   value   only   1."   per  cent,    but  differs  by 
5'^   per   cent    from  the  0.3819   calculated   on   the   other  basis. 
The   sair.e   close  agreement  ^ith  our   theorj''   is   found  when 
varying  mixtures   of   soditun  ethylate  and   sodiiUL  iodide, 
and    sodiiui.  t3thylate   and   sodium  bromide,    are   used,    and  -ne 
can    therefore   conclude    that    in   this   case    the  mysterious 
so-called    ".jalt   catalysis"    is  nothing  more    than   a  change, 
produced  by   the    added    salt,    in   the   concentrations   of  the 
reacting   constituents   cemanded  by   the   Arrhenius-Barmwater 
theor;,/-   of   isohyd^ic    solutions. 

It    is   clear   then    that    "«   have    secured    some    exneri- 

1.    Z.    physik  Hhem .    P.8 ,    4?.4    {1°'.K.);      Ibid.,    /i"^,    Sf^''    (1903) 
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uiental  evidence  concerning  the  nature  of  the  catnlytic 
action  of  added  salts  in  this  case  and  four  others  and 
that  we  can  explain  this  salt  catalysis  in   all  cases  yet 
studied  "by  us  on  the  rational  basi  s  of  the  trtmsfonriation 
of  a  nonioniised  complex  compound  fonried  by  the  reaction 
of,  for  exaiTiple,  the  inddoester  and  the  nonicnized  cata- 
lyzer, or  on  the  basis  of  the  reaction  of  the  nonionized 
catalyzer  -vith  the  imidoester  directly,  'without  the  as- 
sumption of  the  fortiati  on  of  a  comj'lex  coiapound  .    In 
the  case  of  soditui;  -^thylate"^ ,  sodiiiui  phenolate'' ,  scdium 
thiourazole*^  ,  and  imidoester  salts,  the  nonionized  salt 
is  present  in  large  amounts  and  disappears  in  the  reac- 
tion v/ith  the  alkyl  halide  or  water,  the  addition  prod- 
ucts CoHgl.C^HgONa,  CpH^C  (OH)  (IH^Cl)  (OCsKj.  )  ,  etc.  .perhaps 
forming  the  intermediate  steps.    In  the  case  of  the  pure 
catalysis  of  the  imidoester,  or  nitrile  and  alcohol,  by 
sodium  ethylate  the  nonionized  salt  does  not  disappear  in 
the  reaction,  ?jid  yet  the  "salt  effect"  is  due  solely  to 
the  increase  in  the  concentration  of  tlie  nonionized  sodi- 
um ethylate  .iust  as  in  the  above  cases  in  which  the  non- 
ionized compound  disappears  as  a  result  of  the  reaction. 
In  some  other  cases,  as  pointed  out  be:^ore,  it  may  be 
found  that  the  "salt  catalysis"  is  produced  on  account 
of  the  formation  of  complex  compounds,  in  traces  in  seme 
cases,  from  certain  constituents  and  anions  and  cations 
together ,  while  in  still  other  cases  the  salt  catalysis 


1.  Article  to  be  published  later. 

^.  Dissertation,  H.  C.  Robertson,  Baltimore,  1910, 

3.  Article  to  be  published  later. 
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may   be  due    to    the  fonuation   of  other  anions  or   cations,    o*- 
nonionized    complex   salts,    havin(^   reaction   velocitiea   great- 
er or    analler   than   those   of    the  original   constituents. 
The   formulas   CgH^C  (=  NH2CI)  (OCgH^  )  .KCl ,    C^Hj-C  (  =  NHgCl) 
(OCgHr^l.H,    CgKgONa.CgHgl.Nal   and  C2H5OHa.IC2H5.Na  are    il- 
lustrations   of  the  idea.      The  variations    of   this   central 
idea  are  n^anifold.      The    question   then  whether  the  added 
salt  will   increase   or  decrease   the   reaction  velocity  will 
natunilly   depend   simply  upon   the   relative  magnitudes   of 
K^   a.nd  >^,    or   other   constants   involved.      If,    for   instance, 
K.     i  s  the   larger,    the  addition   of  the  add ed   or   catalyzing 
salt    increases   the  reaction  velocity  because  the   increase 
in   the  concentration   of  the  nonioniaed   form  of   the   reacti-^e 
salt   causes   the    increase   in  Kj^^ll   -  o()    to  be  larger   than 
the    attendant   decrease    in  K.o<  .      The  added    salt    suppresses 
the    ionization   of  the  active   salt,   and    lowers   the    reaction 
velocity  when  K^    is  larger  than  K^  "he  cause   the    decrease    in 
yi^d   is   then   greater   than   the   increase   in  1^(1  -^).      This 
last   case  corresponds  to   all   the  problems   that  we  have  yet 
studied  and   to   our  interpretation   of  Stieglity. '  s   imido- 
Gster  work.      ^^  ^   =  ^i    ""^^^   added    salt   cannot   change    the 
reaction  velocity,   unless  for   reasons   other    than   the   ones 
discussed   here. 

This   idea   of    salt    catalysis    is  far  more    fortunate 
than   the   assixinption  by  Euler  and   Stieglitz    that    the  added 
salt    changes   the   active  mass,    or   per   cent   of   ionization, 
of  the  water  or   alcohol   to  a   considerable   extent.      All 
the    evidence    is  against  any    such    idea   that   the  water   can 
dxange  more    than  a   very   few  per  cent   in    ionization,    and 
their   theory   is   clearly   «rrong   for  the   following  reasons 
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pointed    out   in   an   earlier  article. 

(1)  It   was   shown  that    sod  iuia  chloride,    0.94  N,    decreases 
the  reaction   velocity   of  oiacetone   alcohol   and  0.094?  N 
potassium  hydroxide   r,'^..4   per   cent"^,    but    causes   only   11.8 
per  cent   decrease   in   the    velocity   of    ^ponlfication   of 
ethyl  acetate  with  0.02^  N    sodium  hydroxide',    and  an   in- 
crease  of   about   ^5   per  cent    in   the    inversion  constant    for 
c^ne    su^ar  and   0.05  N  hydrochloric   acid*^.      If  we   assume 
that    the   catalytic    influ-^nce    of   the   salt    is  due  to   a 
change   in  the  value   of  K     in   such   reactions,   we   are   led 
to    the  contradictory  conclusion   that   th3    same  salt   in   the 
same   concentration  can  both  DECRF.ASK  and_  INCRJ^ASE  the_  valie 
£f  K.   .      Further  coiuiaent    is   unnecessary. 

(2)  If   the  salt   effect    is   due  to  a   change    in   the  value   of 

K     bv  the   cations    of  the  salt,   we    should    expect   all   sodiuiii 
w     ^ 

salts   in    the    same    ionic    concentration   to   change  the  vel- 
ocity  of  a  {:i"'''^n    reaction  by   the   saiae    -uaount .      But 

4 
Koelichen      found  that    In  0.94  N  concentrations   sodium 

chloride,    sodium  nitrate,    sodium  thiosulphate,   and   sodiiun 

sulphate   proouce  a  change   of   -?,2.4,    -28.5,    -4.'',    and   ♦•4.9 

per   cent,    respectively,    in  the  velocity   of  aecoi^iposition 

of  diacetone  alcohol,    a   variation    f!T£).t   permits   of  no 

doubt   as   to    the  above  conclusion. 

(3)  The   physical    evidence    obtained   by  Kohlrausch    ,   Nerns^ 


1.  Z.   ph^'sik.    Chem.    7,?,,    log    (1900). 

2.  Ibid.    1,    110    (IP^'7). 

3.  Ibid.    4,    O'J.o    (1^^9). 

4.  Ibid.    33,    l?y    (1900). 

5.  Ibid.    14,    SI''    (1894). 
^.  Ibid.    4,    150    (1889). 
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Levfis"^,   Bronsted'"^ ,   Loren/,   and   Bohi"^   and    oth'^rs   is  cliarly 
against    such  an   asa-uapti  on .      Sti^cli^^    states    that    potaa- 
siijin  chloride    incraases   the    valocity   of  hydrolysis   of 
iinidoestar   salts  about   110   per  cent   pe^  ^raci   ion   of  potas- 
sium.     Then  the    ionization  constant   of  water  would  have 


to    increase   from  1    to  V?.  .10   =   1.45,    an    increase   of  45  per 
cent    in   the  ionization   of  -water  p^r   ^^'axn   ion   of  pofsassiurn. 
Both  Lewis  and  Brbnsted  liavi,   hy  the  use   of  the  hydro- 
gen-oxygen electrode    in  the  concentration   cells  lyNaOH/ 
Ag-O/Ag  and  H/NaOK/HgO/4lg ,    respectively,    found   the  values 
for   the  electromotive   force    to  be   1.?''4   and   1.S3P   volts, 
which  agree  not   only  with   each  other,   but  also   Y'sry  close- 
ly with    the   value   l.?32   calculated  by  Nernst    from  his   di- 
rect measureiiients   of  the  dissociation   of  water.      The  mean 
of  the   values   of  Lewis   and  Bronsted   is    1.?>?1,   which  agrees 
^QTY  closely  with  t'nat   of  Nernst,    the  inaximum  ar^-or  being 
0.00''    volt.      ITow  Lewis   and    Bronated   calculated   these 
values   on   the    assiunption   that    the   dissociation   constant   of 

water, 

H  X   OH   =   H  X   0  X  H  X  K 

does  not  change  even   in    the  presence    of  10  K   sodiun  hyd- 
roxide. 

Arrhenius   found   that    sodium  chloride  and   potassiiua 
chloride  have  practically   the   same   effect  on   the   inversion 
of   cane   sugar.      If  Euler's   explanation   is   correct,   we 


1.    Z.    phyai^.    Chem.    ^3,    l''l    (1908). 
1.    Ibid.    n5,    84    (1909). 
3.    Ibid,    c^'^,    733    (1909). 
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should   be  able   to   calculate    the   effect    of   the   sodium  hyd- 
roxide  on  the   dissociation   of  the  water    in  Bronsted's   ex- 
pariment   by   the  use   of   the   data   of   Stie.-litz   and   Ari'hen- 
ius;   we   find   that   in  the  '^  .^  N  and    10.0  N   solutions   of 
sodiuiu  hydroxide   the   hydro ^^en    ion   concentration  £hou_ld  be 
increased  nearly   300  per    cent,   which  hardly    seems   dossibla^ 
This    'vould   cause  a   change  of  nearly  0.0?   volt    in   the    elec- 
tromotive force   observed  hy  Bronsted,   whereas  both  his   re- 
sults and    those   of  Lewis  and   Nernst  agree   to  within  0.01 
volt. 

The  best   "«rork  along  this  line   is  t^iat    of  T.orenz   and 
Bbhi      who   found   that   they  could   use  this    electrometric 
method   to  measure    the    ionization   of  water,   as   previously 
sug'^ested  by  Acree.      They   obtained  values  for  the   elec- 
tromotive force   of  the   systems  Pt/Hg/HCl/KOl/KOH/K^/Pt   at 
0° ,    18°   and  ?5°   which   showed   values  for  K^  agreeing,   with- 
in  n   pe  f-  cent,   with    those   obtained  by  Kohlrausch  by  con- 
ductivity measureiuent  3 .      This   agreement    is   as  close  as 
could   be  expected   from  the   experimental   errors. 

•  It   looks    as    if   salt    catalysis   cannot   be  accounted 
for   on    this   basis  used   b;--  Arrhenius,   Ruler   and   Stieglitz 
and   we  believe   that   the  point   of  view   t}iat  -we  have  advo- 
cated   is  a  laore    rational    one.      '^e   shall   continue  -'ork  a- 
long  these   lines  and   report   further  developments. 

1 .   Loc .   ci  t . 


-  ?.?.  - 

]l]XPH]RIli'^iNTAL. 
AC^:*"1T0NITHILF,  kXD   ACETIMIDO  Kri-IYj-  ?ioT^.R. 
The  bath  used  In  this  inveatl^'-at  ion  has  already  been 
described.-^    Its  teiiiperatura  ^ra  s  constant  at  ?!=i   to 
within  *  0.005°.   The  alcohol  used  was  dehydrated  hy 
boilins  it  wi'/i  lime.    No  alcohol  was  used  which  con- 
tained liiore  t'lari  0.06  per  cent  water,  and  in  n;ener-al  the 
amount  of  water  was  considerably  less  than  this. 
The  acetethyli^aidoester  hydrochloride  'vas  prepared  as 
alreadi'-  described  in  another  article.'    The  solutions  of 
sodiiom  ethylate  were  p^-epared  oy   dissolvin,^  pure  sodi^am 
in  cold  alcohol.    The  meastiremsnts  of  the  velocity  of 
the  reaction  were  carried  out  as  follo'.vs:-   A  solution 
of  the  requi -ed  st^-ength  of  acetethyliiaidoester  hydro- 
chloride was  ina::e  by  weighing  the  substance,  transferring 
it  to  a  graduated  flask,  dissolving  it  in  alcohol  as 
quickly  as  possible,  and  dilating  the  solution  to  the 
mark  at  ''^^  .   A  solution  of  sodiuin  ethylate  was  p^-eparad 
having  the  '-e. juiced  strength  plus  the  gi-iount  necessary  to 
liberate  the  free  iLddoester  from  its  hydrochloride. 
Thus,  if  0.2''^   N  imidoestar  and  0.'^,5   IT  sodjiun  etiiylate 
were  requi-ed,  equal  volumes  of  a  0.5  n  solution  of  imido- 
Gster  hyd'-ochloride  and  N  solution  of  sodium  ethylate  were 
mixed.    The  time  of  mixing  the  two  solutions  was  noted, 
and  aliquot  ^^ortions  (10  or  20   cc  .  )  were  pipetted  out  at 
various  intervals  and  titrated  with  stardard  hydrochloric 


1.  iDisser^.ati  on ,  Baltimore,  Md . ,  H.  n.   .Robertson,  .Tr.jlylO. 

2.  T'o  apjjear  later. 
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acid.        The   e'vailihrium  point  'vaa  d'^t-?vmined   by   two   du- 
plicate   titrations   after   t'ne    solution  had    stood   over 
ni:^}it    or   lon.<^^er.        The    e.|uili"briuia  point    ^roti   the    imido- 
aster   side   did   not    co'-^espond   to    that    obtained  by   start- 
ing wit'i    the   nitrile.        This    is   due    to    three   causes:    (1) 
to    a   small   amount    of  ai.'iinoniuxn  chloride   j.ires^nt    in   the   o- 
riginal    imidoester  hya  -ochloride ,    C,)    to    the   dacoiuposi- 
tion   of   the    solution  of  the    iuiidoester  hydrochloride   into 
ortho-ester  and   aitaaonium  chloride   during   the    short   tiir.e 
nece.jsar;:,^    for   bringing   it    to    ?5      and   diluting    the   solu- 
tion  and    (3)    to   the    decomposition  of   the    iinidoest-jr  hy- 
drochloride   into   acetaiuide   and   ethyl   chloride  during   this 
shct    time.      The   ajmnonia    thus   formed  when  the    sodium 
ethylate    solution   is  added   reciains  practically  constant 
throujl-iout    the   redaction.        The    concentration   of   the   ethyl- 
a'-.e    is   not    influenced   by   this,    and   as    the   values   for   "x" 
with  varying   "t"  are    obtained   f^om  the  difference   in  the 
alkalinity  of  the    solution,    "x"   is   the-^efo'-e  not   af:f*3cted. 
The   only  error   to  be    taken   into   consideration   Is  the  val- 
ue  of    "A"*,    or   the   concentration   of  the   iiiidoester .        "'his 
can   be   co^-rect=id    ''or   by   c^nsiderinc    the    equilibriuiii  point 
obtained  \)y  sta:''ting  with  the   nif-.rile   as   the   true  one. 
For   instance  we   see    in  Table   I    thi",   -'i  th  O."^.^  N  acetoni- 
trile    and  0.5  >!,    0.?Pi  N,   0.1-^5  M,    and   0.0'^?.5  N   sodiiua 
ethylate   an  average    of  1.''3   per    cent    iiiddoester   is   foTTiied 
at    equilibrium.        If   our   value   of  A.     is   l?."^©,    we  have 
I'^.^'O  X  0.01''3   =  0.?1   as  the   aj.ount  of  imidoester  which 
should   b^  present    in   the    solution  at   e  luilibrimru        This 
would    give   us   a^    the    e  luilibriui^i  vajue    of    "x"   1^,.50 
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0.?1   =   l-^.^y,    but    the   value    found    for    "x"    is   1?,  .13.        "'e 
Tiave,    therefore,   a   cc-ection   for   t}ie    aiiiiuonia  •^omied  a- 
iiiountinr^    to   O.lt'^.        This    gives  u;3   h'j   a   cc-rect   value    for 
A,    1?,.50   -   O.lo    =   IP,  .34.        The   caaount    of  airu'.onia  varies 
somewhat,    as  would    he   exp'^cted,    in   t)ie    individual    exper- 
iments,   hut    on   an   average   amounts   to   a   little    over    one 
per   cent.        The   correction   for   the    chani';je    in   concentra- 
tion  of  the    i.iaidoester  has   b  ^en  applied    in  all   cases. 

Since   the  mass   of  the  alcohol   can  be   considered 
practically   constant,   we   have   a  reversible  i^ono-i'iolecular 
reaction   expressed   b.'    the   follo-'ing  equations: 

^  =   k:      (Ai    -  x)    -   K      (A     +  X) 

dt  ^  ^- 

in  which  A^  is  the  original  concentration  of  the  .imldo- 
ester,  Ap^  that  of  nhe  nitrile,  and  "x"  the  concentration 
of  the  nitrile  formed  during  the  reaction.   At  equili- 
brium, -'e  have  K  =  -^  =  A2..t^  .    Substituting  K  for 


Ko    A 


1  -  X 


^  we  get  ^  In "^Xs.^ =  K  .  K.  .  ^  . 

Kg         t     KAi  -  Ao  -  (K  +  l)x      ^  ^' 

Since  A^  =  0  in  all  our  experiments,  we  can  simplify  the 

above  expression  -.wu  obtain 

1  In 'CAj^ ::  K^  +  K2  =  Ky   in  which  K  =   x   . 

t     KA-L  -  (K  .,  I)  X  Ai  -  J 

K^  is  obtained  by  dividing  Ky  by  the  concentration,  \    , 

V 
of  the  sodi'jun  ethylate  .    All  concentrati  onsj  in  tiis  -rcrk 
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are  those  obtained  aftsr  juixins  t}iM  solutions.    ""he  t-vo 
fol  ..owinn  tables  on  acato  nitrile  and  sodium  ■^thj'-late  are 
taken  f'»-oiii  a  pravious  article  by  the  author  . 

Table  1. 

0.?5  N  Acetonitrile   and    Sodium  Ethylate. 

Cone.    Sodiiom  Per  Cent    Irnido- 

"Ethylata  ester  Formed 

0.5   N  1.^8 

0.?^  N  1.80 

0.1?5   N  1.64 

O.O^''..^   N  1.80 

Avera-re  =  TT^ 


Table    II. 

Acetonitrile  and    Sodiiim  "'Ithylate. 

Cone.   Aceto-  Cone.    Sodiuia  Per  Cent   Inido- 

Nitrile                                  Ethylate  eater  Poriued 

0.5   N                                        0.5   IT  1.44 

0.25   N                                     0.25   >T  1.80 

0.195   N                                    0.25   N  2.48 

0.0-^25  N                                0.25   N  2.56 


Table  III. 
Conductivity  an d  J i s 3 o c i  a t i on  _qf ^Sodiiun  Eth^';late  in  Abso- 
lute Alcohol  at  25°  . 


1 

4.93 

0.148 

0.8  52 

2 

'^.'78 

0.234 

O.^'^.^ 

4 

10.3'^ 

0.312 

O.^PP> 

8 

13.04 

0.393 

0.607 

16 

15.98 

0.487 

0.519 

32 

19.16 

0.577 

0.4''3 

64 

22  .  50 

0.686 

0.314 

Moo  ■=    32.8 


-  ?.^  - 

Table  IV. 
0.^!^  N  Acetimidoethyledtar  and  0.2"^  N  oodiuiQ  ^thylate. 
k^    -    1?.34 


26 

31 
3'^ 

4- 


•V.  '-  0 

K  -    '^f>. 

X 

\ 

10.11 
10. ''1 
11. IR 
11.61 
12.13 

0  . 0*^89 
6.0693 
0.0689 
0.0^^84 

Averase  = 

0.0^89 
0.2'' 56 

Table   V. 

0.25  N.  ^cetlmidoethyleatar  and   0.25  N    ^odiura  Rtliylate. 

A^    =    I''. 05  ^2    "   ^  ^  '    ^"^'^ 

t  X  Ky 

21  9.06  0.0691 

28  10.15  0.0695 

34  10.6-^  0.0^80 

40  11.04  0.06''5 

oo  11.^4  

Aver  a -'e  =  0.0^^85 

K;^   ^  0.2"40 


Tabl^  VI. 
0.25   N   Acetimidoethyleater   and   0.125   :3odi'm   I'^thylate. 
A     =    1''.?? 


5 
15 
27 
[40 
91 
oo 


'?,  =  ° 

K   -    ^.0. 

X 

^ 

1.9R 
4. "9 
''.lO 
9.41 
11.41 
12.01 

0.0359 
0.0339 
0 .0332 
0.0382] 
0.0332 

Averaee 
^n 

^    0.03-^1 
=    0.2''28 

Ta 

ble  VII. 

0.25   TT    Acetii 

.uido' 

athyleate 

T-  and  0.12  5 

X   ' 

"odi  ixi-i 

:^thylate  . 

*i  -  ^' 

.30 

A^   =  0 

K  =   50.4 

t 

X 

^^ 

5 
15 
25 
40 
«^0 
90 
oo 

2.07 
5.03 
«S.91 

10  .  52 
11.53 
1'?.09 

Av 

^ra'';e  ; 

0.03''5 
0.0359 
0.0339 
0.0339 
0.03^1 
0.03U 

-    0.0349 
-.    0.2''92 

-  2P 


Table    VIII. 
0.?>5  N  Aci?tiini(ioethyl9ster   and  O.l^Pi  N   Sodium  Ethylate. 

^1 


=    1?,  .23  ^?    '   ^  K  =   ^0.1 

t  X  Ky 

10  3.52  0.0345 

17  5.20  0.0334 

23  6.44  0.0334 

31  7.';'0  o.o;-'30 

4f^  9.35  0.0334 

oO  10.4^5  0.0341 

90  11.4?,  0.033^ 

o^  l-^.OS  . 

Average  =  0.0336 

K  =  0.2688 
n 


Table  IX. 
0.25  N  Acetiinidoethylaster  and  0.0625  t;  Sodium  Ethylate. 
^.23  A«  ^  0  K  =  54.7 


\ 


t  X  :^ 

15  2.90  0.01B4 

25  4.33  O.Ol'^g 

35  5.51  0.01'75 

50  •'.Ol  O.ni'75 

-6  a. 03  0.01'^4 

126  10.73  0.0177 

147  11.10  0.01'74 

^  12.02               

Avorace  -  0.01''7 
Kj  -  0.2832 


a- 


n9 


Table  X. 
0.2'i  N  AcetiinidO'3thyle3ter  and  C.G-^^Jf,  >t  Sodium  ^.thylate, 


\ 


^  1?.?''  ^2  -  °  ^  ^  "'^^•^ 

t  X  Ky 

2^  4.39  O.OIPI 
35  5.^3  O.OIAO 
A5  6.^^  O.Ol'^S 
60  '7.93  0.01''9 
«0  9.15  0.01"f^ 
115  10.53  0.01'^S 
cyo  12.06  

Average  =   0.01''9 

K^  =   0.?.a64 


Tabl-3  XI. 
0..?5  T^  Acetimidoethi'-lester  and  0. 03125  N  Sodiiufi  Ethj'-late 


*i 


12.15  A      =   0  K  =    56 .9 


t  X  ,  K^ 


15 
30 

45 

6  5 

90 

110 

156 

262 

oO 


1.53 

0.00914 

2.91 

0.00928 

4.04 

0.0091'7 

5.40 

0.009''4 

6. '74 

0.00R9R 

'7.65 

0.00930 

9.13 

0.0092P 

10.92 

0.0093'7 

11.94 

. 

Average 

-  0.00921 
^  0.2947 
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Table   XII. 
0.25  II  Acetinidoethylester   and  0. 031*^.5  N   Sodivun  Ethylate 

A^    =    11.92  \    '  ^  ^  ^    "''''•^ 

t 

25 
41 
56 
71 
92 
122 


X 

\ 

2.44 

0.00933 

3. '71 

0.00928 

4. '72 

0.00921 

5.'^3 

0.00924 

'^.f^S 

0.00919 

".''9 

0.00P98 

11. '71 

Averarje 

=   0.00919 

]^ 

=  0.2941 

Tabl^ 

e  XIII. 

.25  N  A( 

letimidoe 

ifhylester 

and  0. 

A-^    -   24 

.44 

A,  -  0 

t 

X 

15 

1.60 

30 

3.11 

50 

4.91 

SO 

'7.50 

104 

9.1'7 

210 

15.03 

333 

18.92 

c^ 

24.02 

K  -    5'7.2 

K 
V 

0.004 '77 
0.004 '''7 
0.004 '79 
0.00484 
0.004 '79 
0.00491 
0.00500 


Average  =   0.00484 
Kn   ^    0.3098 
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TaV.le    XIV. 
0.?*i   N   Acetiuiidoa*ihyl33ter  and   O.Ol'''?.^  N   Sodiuiii  Ethylate, 

t 

15 
3Q 
51 

sie 

207 
292 


'2    '    ^ 

K  -  '^''  .( 

X 

Kv 

l.'^O 

0.004P9 

3.30 

0.00491 

^.?1 

0.00401 

P.P.9 

0.00472 

14.92 

0.004  "74 

I'^.B?, 

0.004''0 

?,3.94 

Average 

=  0. 004^79 

Kn 

=  0.7>0f^f^ 

Table   XV, 

C^  N  Ace-timidoethyles-ter   and  0.125  N  Sodiiaa  :^thylate. 

A^    =    24.?" 

t 

11 
17 
26 
33 
40 
-  60 
85 
oo 


A^  =  0 

K  =  ^'S 

X 

Kv 

8.35 

0.03^2 

11.8'? 

0.0394 

15.49 

0.0389 

I'^^.-'O 

0.0352 

18.24 

0.0348 

21.12 

0.0341 

22.80 

0.0329 

23.91 



Av-^raf^e 

=  0.03*^2 

\ 

=  0.2896 

-  3?.  - 

Table  XVI. 

C^i  N  Acetimidoethyleater  and  O.IP."^  !T  Sodiiuii  Ethylate. 

A-i^  =  24  .07               A?  =  0  ^  =  ''''"  -0 

t                      X  K^ 

25                                                 14.99  0.0401 

3?i                                                    l'^.Pi9  0.0v3'75 

41                                                  1R.54  0.03''l 

53                                                  riO.S"  0.03'^'' 

f-'^                                                 P.1.70  0.03^R 

<^                                                  23. '70  

Averace  =  0.03''5 
K^  -  0.3000 


Table  XVII. 
0.125  F  Acetiiaidoethylester  and  0.25  M  Sodium  Ethylate  . 
^^     -    ^..07  Ao  =  0  K  ^  39.5 


^ 


P                                                    2.59  0.0''19 

1*^                                                    4.00  0.0''05 

21                                                    4.50  0.0'^''9 

27                                                    4.99  0.0'^R4 

33                                                    5.31  0.06P9 

41                                                    5.54  0.06^0 

54                                                    5.80  0.0'721 

00  5.92  

Averape  =    0.0'^R5 

Yirx  '-   0.2'740 


7>'6 


Table   XVIII. 
0.0«?.!^   N  Acetimidoethylester   and   O.P,"^  M   Sodiiui.  Eth^'late 


A      -    ^ .09 


15 
21 
2^ 
32 
38 
[45 
50 


*;:,  -° 

K  -    S-'.l 

X 

\ 

3. '71 

0.0^-^1 

4.43 

0.06  54 

4,86 

O.O^'SP 

5  .22 

0.0663 

5.44 

0.06  54 

5.'^'' 

0.0690 

5.':'3 

0.06  "72 

5.93 



Ave 

J  race 

^   0.06'-.l 

Kn 

^    0.2«44 

The  concentrations  in  the  above  tables  are  all  ex- 
p>-e3sed  after  mixing.   Referrinc  the  reaction  veloci- 
ties for  the  different  dilutions  to  normal  concentration 
',"6  obtain  coiupa>'able  values,  ^'hich  -"e  shall  designate  K 


Table  XIX 
0.O5  N  Acetiifildoethylester  and   Sodium  Btyclftte 


Concentration  of 
sod  iiuii   etliylate 


0.1P.5  N 


0.0'^?r',  N 


0.03125   N 


0.015^25   N 


:,  .  K.  -  K^ 


O.O'SSsl    O.O^^R'7 
O.OftBRJ 

0.0341] 

0.0349)    0.0342 
0.0336) 

o.oi'7'7\  o.oi'^e 

0.0179) 

0.0092i\     0,00920 
0.00919) 

0.00484\    0.00482 
0.00479] 


K 


'n 

0. 

,2^48 

0, 

.27  36 

0 

.2848 

0 

.2944 

0.3084 


Acetimidoethylester  and.    Sodiuci  Ethylate 

Concentration   of  Concentration   of     K-^   +  Kp   -  K 
iniidoester  sodium    ethylate 


O.'^  N 

0.125  N 

0.03621  0.0 
0.0375] 

369   0.2952 

O.Fi  K 

0.25  N 

0.2852" 

o.2r.  N 

0.25  N 

0.0692 

0.2768 

0.125  N 

0.25  N 

0.0685 

0.2740 

0.0625  N 

0.25  N 

0.0^61 

0.2*^44 

If,    in   this    case   of  catalysis,   we   have   both  the 
ethylate   ion  and    sodium  ethylate  molecules  concerned   in 
the  reaction,  ^"e    should  be  able   to    calculate  the  constant 
for   the  velocity    of   the    ionic  and  molecular  reactions 
separately,   as  has   been   done    in  the  case   of  the   reaction 
between   ethylates  and  alkyl   lialides".      We  have   used   the 
followins  equation  K^  -  K.a  +  K^(l  -  c< )    in  which  K.    is 
the    ionic   velocity  and   K     the  molecular  velocity,    and 


1.  Recalculated   from   the  data   for  0.5  N   imidoester  and  0.125 

N   sodium   ethylate. 

2.  See   other   work  by  Robertson,  Marshall,   Harrison, 

Shrauer  and   Brovm,    ^7hich  will  appear  later. 
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calculated   fie   followinc   values   for  K.    and   K    ,   vhich  are 
seen   to    be  verj'-  constant. 

Table  XX. 
V  K. 


811'^ 

1 

0.23R 

P.:  32 

0.342 

0.230 

a:54 

0.34'^ 

0.2  20 

1*^:3? 

0.34'=) 

0.228 

1*^:^4 

0.34'^ 

0.222 

3^:«4 

0.348 

0.222 

Average 

0.344 

Average 

0.22fl 

'Ve  have   used   the   values  K.    =   0.344   and  K     ~   0.228 

1  m 

in   recalculating  the    values   of  K     corresponding   to   the 
different   concentrations  of   sodiuw  ethylate  used,   and 
have  coiapared   these   values   of    "K     calculated"  with   those 
of   "K^   found".      The  agreement    ia  quite    satisfactory  as 
can  be   seen   froia  the   follcdng  table. 


Table 

XXI. 

0.25   N  Acetimidoethyle 

ster  1 

and    Sodii.UJi  E 

thy late 

Concentration   of 

K     found 

^ 

calculated 

Error  in 

sod  ium  e thy late 

n 

per  cent 

LO.25 

0.2'748 

0.2642 

*4.00] 

0.12S 

0.2'736 

0.2'736 

±0.00 

0.0'^25 

0.2848 

0.2858 

-0.35 

0.03125 

0.2944 

0.2949 

-0.10 

0.015625 

0.3084 

0.30''6 

^0.26 

Average  error     -0.05 
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Table   XXII. 

0.?'i  N  Acetlmido^thyleater  and  0.P.5  N  Sodiiua  Ethylate 
and   O.P,'=i  N  Sodiiira   lodioe 


Al  -  ^-"^ 

.45 

A^    -^    0 

K  ^ 

1?4 

t 

X 

\ 

20 

9.00 

0.0^56 

26 

10.08 

0.0^51 

31 

10. -^0 

0.0^^50 

37 

ii.2r> 

0.064'' 

44 

11.^'-. 

0.0654 

oo 

n.35 

flalculatodO.O^sa 
K     wi'^.hout    sodiiun  iodide  0,0*^9?. 

0.?5  N  acetoni'-.rile   and   0.'^,5  N   sodium  ethylate  with  0  ."^.^ 

N   sodiitm   iodide.      Twenty   c.c.    were    taken   for   titration, 

and   required   ?.5.?.?,    ^5.^.4,    ''.5.^.3   c.c.    0.^,  N  HCl.      This 

corresponds  to  0.B4   per  cent    liiiidoester  present  at   e- 

quilibrium. 

Table  XXIII. 

0.?5  N  Acetiinidoethylester  and   0.1^.5  N  Sodiiun  Ethylate 
with  0.125  IT  Sodiiim  Iodide. 


^1  ^  1^- 

.03 

Ag   -   0 

K  ^    119 

t 

X 

S 

32 

7.-78 

o.ozr>y 

45 

9.13 

o.03np. 

53 

9. ''I 

0.0318 

61 

10. ?3 

0.0320 

58 

10.61 

0.0322 

76 

10.91 

0.0324 

oQ. 

11.93 

Average 

^   0.0322 

Calculated 

=•   0.0321 

\ 

without 

sodixun  iodide 

=   0.0342 

0.?''.  N   Acetonitrile   and   0.1254  N   sodirai  ethylate  'vith 
O.l?'^;   N    sodiuj.'i   iodide.      Twenty  c.c.   "'ere   used   for   titra- 
tion,   and   requi-ed   1^.'73,    l?.''*^    c.c.      0.?  N  HCl.      This 
corresponds   to  0.R4   per   cent    iiaidoester   present   at   e- 
quilibriujn. 
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Tab  1^3   XXI 7. 

0.25  N  Acetiiuidoethyleater  and  0.125  N   Sodliun  :^tviate 
with  0.3'^ 5  N   Sodium  Iodide. 


^1  = 

12 

.25 

Ag   =•   0 

K     =    12r 

t 

X 

Ky 

?1 

5.9^ 

0.0322 

25. 

,5 

^  . '''' 

0.0320 

30 

'^141 

0.0313 

41 

B.^'-i 

0.0304 

48 

9.3'^ 

0.0305 

59 

10.12 

0.0304 

69 

10. '^1 

0.0300 

oo 

12.15 

Average 

=    0.^3l5 

Calculated 

^   0.0319 

^ 

^vi  thoiit 

sodiijun 

iodida 

^   0.0342 

0.25  N  acetonitrile  and   0.1245  N  sodium  ethylate   with 
0.3'^5  N   sodium  iodide.      Ten   c.c.   were   us^^d   for    titration 
and   required   '^.34,    5.33   c.c.      0.2  N  HCl.      This  corres- 
ponds  to  O.P^A   per  cent    iwidoester  present  at   equilibrium 

Table  XXV. 

0.25  N  Acetiinidoethylester  and  0.0525  N   Sodiuiu  ^thj'late 
with  0.0525  N   oodiura  Iodide. 


A^    =    12.14 

\  -  0 

K  *    120 

t 

X 

% 

16 

2.98 

0.01''8 

21 

3.58 

0.01'74 

27 

4.38 

0.01^-'^ 

36 

5.42 

O.Oir^^ 

51 

5  .  ^r. 

0.01^-'7 

57 

8.04 

0.01-^4 

108 

9.99 

0.0164 

CO 

12.04 

Average   -  '0.01*6"^ 

Calculated   -   0.01-^1 

Ky  without    sodiiuii  iodi.le   -   O.Ol'^B 

0.25  N  acetonitrila  and   0.0516   N   sodiiun  eth^'late  with 

0.0525  N   sodium  iodide.      Ten    c.c.    '•'ere   used    for   titratioi 

and   required   3.22,    3.19,    3.20   c.c.      0.2  N  HCl.      This 

corresponds    to  0.96   jx?  r   cent    imidoestar  present   at   equi- 

llbri.un. 
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Table   XXVI. 

O.^Pi  N   Ace+.iriidoethyleater   and  0.0^25  N   r^odiiun  Ethylata 
with  0.1875  N  Sodium  Iodide. 


*1  -  ^' 

.^.0 

Ap   =   0 

K  =   1?1 

t 

X 

S 

l-S 

?.S1 

0.01'^5 

21 

3.46 

0.01^0 

34 

4.94 

0.0155 

43 

5.9R 

0.0162 

61 

'^.43 

0.015fi 

84 

8.85 

0.0156 

126 

10.41 

0.015^^ 

QO 

1?.10 

Average 

=.~(57oTi??r 

Calculated 

=.    0.0165 

s 

without 

sodiiom  iodide 

=  o.oi'^a 

0.?5   N  acetonitrila   and   0.0"/','^   N   sodiuti  ethylate  rvith 
0.187ri  N   sodiuiii  iodide.      Ten   c.c.   were  used   for   titra- 
tion  and    r-^quired   3. '^4,    3.26    c.c.   0.2  N  HCl.      This   cor- 
responds   to   0.9-=^  per   cent    imidoester  present    at    eciuilib- 
riujn. 

Table  XXVII. 

0.25  H  Acetimidoethylester  and  0.0625  N  Sodiiun  Ethylate 
with  0.4375  N  Sodium  Iodide. 


Ai    =    ic 

>.10 

k2   '-    0 

K  ^   120 

t 

X 

Kv 

20 

3.33 

0.0162 

27 

4.26 

0.0162 

34 

5.03 

0.01*^0 

42 

5.79 

0.015'? 

50 

6.48 

0.0155 

69 

^  .'^9 

0.0152 

81 

8 !  52 

0.0153 

oo 

12.00 

A  vera;?? 

=    O.OlF^'^ 

Calculated 

=    O.Ol'O 

% 

without 

sod  iijun 

iodide 

-    0.0178 

0.25  N   Hcetonitrile   and   0.0'^34   N   sodium  eth;^late  with 
0.4375  l\   sodium  iodide.      Twenty   c.c.    were   used   for   titre*- 
tion  and   required   ".44,    6.43   c.c.    0.2  X  HCl.      This  cor- 
responds   to   0.^4   i^er   cent    iwidoestir  present   at   equilib- 
rium. 
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Table  XXVII [. 

0.'''^  N  Acetiinidoethyleater,    Sodium  Rthylate   v)0.   Sodium 

Iodide. 

Concentration  of  Concentration  of  IC,  K^         Error   in   per 

sodium  eth"^late        sodiiiin  iodide  Found  Calculated  cent 


O.'^.'^O  N 

0.250  N 

0.0651 

0.0538 

+ 

2.0 

0.125  N 

0.125  N 

0  .0322 

0.0321 

+ 

0.3 

0.125  N 

0.375  N 

0.0310 

0.0319 

- 

3.0 

0.0^25  N 

0.0525  N 

0.01-^^9 

o.oi'-i 

- 

1.2 

0.0625  N 

0.187  5  N 

0.0159 

0.0155 

- 

3.8 

0.0625  N 

0.43''5  N 

0.015'' 
Avera 

0.0150 
ge  error  = 

_ 

1.9 

7 

1.26 

Since    the   acetimidosthylest er   deccariposea   so   nearly 

canpletely   into   acetonitrile  and  alcohol   in  the   presence 

of   sodiura  ethylate,   we  made    some    calculations   to   see 

whether    ^ood    constants   c^in   be  obtained   by  considering  the 

reaction  as  monomolecular  and  considering  A  to  be   the 

total  change   in   the   concentration   of  the   imidoester.      The 

following  corrected   tables   show   that   the  constants  have 

practically   the  same   value  whether   calc\LLated   in   this 

'vai"  or   on    the  correct   basis. 

Table  XXIX. 

(See   Table  VIII) 

A   =    12.03 

t  A   -   X  AK 

10 
17 
23 

31 

45 
"lO 


8.51 

0.034  5 

5.83 

0.0333 

5.59 

0.0333 

4.33 

0.0329 

2.58 

0.0332 

1.57 

0.0339 

Average 

="75'.03.1R 

^1  .  S. 

-  0.0335 

r^vc 


-^^ 
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Table 

XXX. 

(See   "able  XVI T) 

A    =    ^, 

.92 

t 

A    -    X 

AK 

R 

3.33 

0.0^^3:^ 

1^ 

1.9'^ 

O.O'^O'' 

21 

1.42 

O.O-^^Gl 

3-^ 

0.93 

0.0690 

33 

0.*il 

0.0690 

41 

0.38 

O.O'^'^O 

54 

0.12 

0.0'721 

Av  ^ra^e 

=  0.0^^^ 

\    * 

s. 

-   0.0685 

Table 

XXXI, 

15 
21 
26 
32 
38 
50 


(See   Table  XVIIT) 
A   =    5.93 


AK 


2.22 

0.0654 

1.50 

0.06  54 

1.0'!'      • 

0.0659 

o.-'i 

0.0^^63 

0.49 

0.0656 

0.20 

0.06'''^ 

Average 

5   =    0.066(5 

K^    *   K„    =.    0.0661 


K^    =.    0, 


BENZONITRILE  AND  BENZIMIDOETHYLESTER. 
Benzimidoethylester  hydrodiloride  was   prepared  b^' 
the  LB  t hod    described  by  Pinner     with  moaif  Icat  ions  .      A 
mixture   of  one  inole   of  benzonitrile  and   ?    1/4  woles   of 
alcohol    (containing  not  more   than  0.06   per  cent  water) 
was    treated    "idth   1    1/2  u.oles   of  dry  Hni   f^as.      niile    the 
gas  was   bein  ^  passed   in,   the  mixture   was    kept    in   crualied 
ice.      After    standing   in   the    cold    seve^-al  hours,    the 

1.    2ie    Imidoathe^   l-^QH,    p.    53. 
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solution   'vaa   treated  vrith  a   few  crystals   of  the   'benz- 
imidoethylaster  hydrochloride    to    induce   crystalli/.ation 
and   allowed   to    stand  forty-ei-^ht  hours^when   it   becam'?  a 
solid  mass.      This  was   then    thrown   on   a   filter  and    vashed 
with   cold   alcohol   ano    '3ther.      It  was    then  placed    in  a 
vacuiom  dessicator   over  calcium  oxide   and   after   twenty- 
four  hours   was   analyzed.      The  yield   varied  from  ^'^    to   lOO 
per   cent.      The  following  are    soiae  t;:,'pical  analyses. 

Per   C'int   Chlorine 
Pound   Theoretical 
0.5301   2ias.    substance  ^ave   0.4a9o   gins.    A^Cl   19.11  19.10 

0.7<^3O        n  II  ..  0.5911        "  "  19. l'^ 

0."16t       n  n  «        0.47'77      "  "        19.15 

0.6194      "   -  "  "        0.4''90      "  "        19.1? 

Ben^ilifiidoethylester .      As   considerable  difficilty 
was   experienced   in   preparing  pure  benaii^iidoeth^'lester  by 
the  ordinary'  iriethod     and    in  keeping  it   pure,    the    follow- 
ir^   method  was  tried. 

To  an  alcoholic    solution  of  banziiiidoethylester  h;'- 
drochloride  was   added   exactly   the  molecular  equivalen"^ 
of   sodium  ethylate.      The    sodium  chloride  was   filtered  off 
and    the   solution  was   distilled  _in   vacuo .      After   several 
distillations   a  constant   boiling  substance  was    obtained, 
but    it    contained   some   free  benaonitrile   as  was    3hown  by 
the   reaction   velocity.      The-efore   all   solutions  of   the 
imidoester  were   prepared   from  an  alcoholic    solution   of 
its  hydrochloride  and   sodiu::;!  ethylate   as   described  under 
the  acetiraidoethylester . 

Hydrolysis  Correction.      In  workin'^  with  this  com- 
pound hydrolysis   was    so  ma'^ked   that    it   was  nee  ensar;'    to 

1.    Am.    Cheti.    .T.,    :^9,    44?    {190R). 
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correct   .-^or    it.      This   'vaa   accompli  shod    in   *,hn    follovinc 
way.      Amovints   of  banalinidoeth^'leat er  hydrochloride  dis- 
solved   in   10   c.c.    alcohol,    correspondin,:    to   various    stages 
in  the  reaction  of  a  0.?5  N   solution,   'vere   put    in  Neaaler 
comparison   tubes  and   diluted   to    100   c.c.   ^vith  '■'ater,    t«ro 
drops    of  methyl   orange  being   added   to    each  tube.      To 
another    se'-ies   of   tubes   containing   10  c.c.    alcohol,    90 
c.c.   ?'ater   and    t'70   drop."?   of  methyl   orange,   was   added   0.01 

N  HCl   till   the   colors  iaatched   those  produced  by  hydrol- 
2'si3   in   the    first    series. 

The    follomng   table  gives   the   amounts   of  0.01  X  HCl 
necessary    to    produce   this    color. 


'7eight    imidoester 

c 

.c.    of 

Corr 

•ected   for 

hydrochloride 

0 

.01  N 

HOI 

blank 

0.9P.f50  g. 

1.4 

1.0 

0.-7424 

i.2 

0.8 

0.4-40 

1.1 

0.^ 

0.^774 

0.8 

0.4 

0.1856 

0.5 

0.1 

0.0928 

0.4 

0.0 

0.0000 

0.4 

The  follo";ing  table   gives  corrections  applied   to 

the    titrations  at   time  periods    corresponding  to   various 

values   of  x.      These  were   subtracted   from  the  values  of  x 

actually  observed. 

X  CorT-ection   in  c.c. 

0.2  N  HCl 

0.00  0.05 

2.50  0.04 

'i.25  0.03 

8. '75  0.02 

10.00  0.01 

12.50  0.00 

The    following   experiment  was   carried   out   ^vhich   shc's 

the   slow  decoiaposition   of  ben;iimidoef;hyle3ter. 
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0.25   N  .•SenzijTiidoeth;/l.-i3tar  and  0.9.5  N  NaOCgH^^ 
t  n/^  HCl 

0  1'^.48    c.c. 


0.5 

hours 

l^.l''  c.c 

1.2 

1?.15  c.c 

5.0 

11.8-:'  c.c 

?5.5 

11.1''  c.c 

53 

10. ??  c.c 

144 

'^.83  c.c 

?A^ 

'^.?'7  c.c 

.056 

Table  li 

'^.OO  c.c 

n.'5  5  N  Beniso  nit  rile   and    Sodium  "Rlthylate 

Concantration  Per  cent    imidoester 

sodiim   -^thylats  formed 

0.75 

0.1?5 


Table   IX. 

0.50   Sodiim  Ethylate   and  Benzonitrile 

Concentration  Pei 

benzoni  trile 

1.000  N 
1.000  N 
0.75  N 
0.50  N 
0.P.5  N 
0.1'>5  N 
0.06^5N 


cent  imirtoes* 

;e 

formed 

'^.50 

'^.72 

8.3'' 

9.0^ 

11.12 

14.08 

14.10 

1.      Tables   I  and    II   are    ^aTcen    from  another   article  '"hich 
will   appear   lat^r. 
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Table    III 
0.?5  N  Ben::i)nldoet'iyle3ter   and  O.l?"'-  N   Sodim  ?;thylate 


A^    =    I''.  50 

A,   -0 

K  =    10.0 

t 

X 

Kv 

41 

4.B?. 

0.0135 

51 

5,'^9 

0.013'*^ 

61 

^.35 

0.0134 

94 

B.O- 

0.013a. 

119 

B.93 

0.0130 

132 

9.3?. 

0.0130 

OO 

11.36 

A  vera. -^ 

=  0.01:^:^ 

\ 

^    0.0,164 

Table    IV. 
0.?5  N  Benaimidoethylester  and  0.125  N   Soditua  Ethylate 
A.     =    12.50  Ao    =^    0  K  =    9.69 


X 


S 


42  4.R6                         0.0135 

51  5.54                         0.0133 

63  6.33                         0.0132 

95  8.01                         0.0131 

125  9.0'7                         0.0132 

155  9.82                         0.0133 

°o  11.32  Average  =  O.'OlSS 

K„--  0,0^64 


T*  le  V. 
0.25  N  Ben^ii'.idoethyleater   and   0.0"25  N   Sodium  Plt'ijaat* 


■1  =  '-'• 

.50 

Ag    =    0 

K  =    9.2' 

t 

X 

^ 

60 

3.'?^ 

0.06 '^'7 

100 

5.55 

0.0'^'''' 

110 

5.90 

0.0^ ''2 

12- 

6.42 

O.O-'^O 

141 

^^.88 

0.066R 

c^ 

11.28 

Averacs 

-  0.06^2, 

K 

=    0.1075 
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Table    VI. 

0.^.!^   N  Ben^ii'iidoethylaster   and   O-C^nS  M   Sodi^ixn    -Ithylatt 


.-1^  =  l-'.rio 

Ap    =    0 

K   -    9.4' 

t 

X 

\ 

^50 

3.8? 

0.0'i84 

80.5 

4.73 

0.0'^'^4 

lOR 

5.68 

0.0'?'^'^ 

121 

>-..30 

0.06''5 

140 

^^.85 

0.0*^^6 

1^2 

".43 

O.O'^'^l 

oo 

11.30 

Ave>-a3e 

^  0.(^'^n 

K 

=    0.10'^4 

Table   VII. 
0.25  N  ■^enzimidoethyleatet  and  0.03125   ^T  Sodium '^thylate 


.^    =    12.50 

Ap    -    0                      K  =    10. 0( 

t 

\ 

72 

2.5-^                         0.00355 

102 

3.35                         0.00343 

118 

3.81                         0.0034  5 

141 

4.34                         0.00341 

170 

4.9''                         0.00339 

213 

5.78                          0.0033^1 

233 

^.11                         0.00332 

oo 

11.3<=? 

Avera.-^e   -   0.00341 

K^   ^   0.1091 

Table  ^HII. 
0.25  N  Benzii'iidoethiaeater  and  0.015^25  IT  :^,odi-am  ^.thylate 


\  '- 

25. 

00 

A2    ^    0 

K  -    9.33 

t 

X 

V 

lOQ 

3.67 

0.001'^'^ 

124 

4.63 

0.00183 

140 

5.03 

0.001^9 

160 

5.55 

0.001''4 

180 

^-^.18 

0.001'^4 

1260 

19.74 

0.00164 

00 

ona 

I    Ui 

3ed. 

22.58 

Av 

3ra^e 

porti 

=   0. 001*^3 

\ 

-    O.llO'' 
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Table    IX. 
0.^.^  N  Benz.inidoethi'-l^ster  and    Sodiim  ^-thylat.- 


Concent>-a':ion 

\ 

''^n 

sodium  ethylate 

Q 

0.125   N 

0.0133 

0.1064 

0.0n^>5   N 

0.0-''? 

0.10-75 

0.031?5  N 

0.00341 

0.1091 

0.015''>'',5N 

0.001''3 

Table  X. 

O.llO'' 

Halculated 

^^aluea  of  K^  and 
^i 

\ 

11  ■ 

K 
m 

V  =  a  :  16 

0.1090 

0 

.1016 

V  =  °  :  3*^ 

0.1154 

0 

.100'^ 

V  =  8  :  -^4 

0.1149 

0 

.1002 

V  =16  ■•  3?. 

0.1161 

0 

.09R9 

V  =16  :  64 

0.1191 

0 

.099'' 

V  =32  :  64 

0.1144 

0 

.1006 

Average  0.114"R   Avera; 

Se 

0- 

.1003 

Table  XI. 


"K  ^ound"  and  "K  Calculated"  for  0.25  N  Ben/,ii'iido- 
"       ethyl93^er  and  Sodiiun  "iJthyl'ite, 

Concentration    "K^  calculated"   "K  :^onnd"  ^rror  in 
sodiiun  ethyl  ate  ^         Ter   Cent 


0.125    N 

n.1064 

0.10«4 

0.00 

0.0625   N 

O.IORO 

0.10-75 

-0.46 

0.03125  N 

0.10«R 

0.1091 

^0.2-7 

0.015^.25N 

0.1101 

0.110-7 

*0.55 

Averase  error  +frr(j9" 
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Table  XII. 

0.?f=i  N  B:in;jiiaido-athyleat3r ,    0.0^'^.^i  N   Sodiiun  Pithy  late 
ana    O.^^P.^   N   Sodi'iiii  Iodide. 

Ap_    =.    0  K    ::    9.5 

t  X  K^ 

0  

•73                                                             4.30  0.00^^54 

93                                                              "S.S-  0.00*^54 

1^1                                                              '^.15  0.00^49 

150                                                             ''.0'^  0.00'^  52 

l^iS                                                                ''.50  COO-^S*^ 

oo  11.30 

Averacja  =   (5.0O'i53 

Calculntsd  -    O.OC^^?. 

0.25  N  "benzonitrile,   0.0'^25  N   aodi'jua  athylate,    and   0.0-'*^25 

N   sodium   iodide:    10   c.c.    required   3.12   c.c.    0.2  N   jiydro- 

chloric   acid   at    firat   and   4.22,    4.23,    4.23   c.c.    at   e^ui- 

"libriufci.        This   corresponds   to    ''.B   ^^^er  cr^nt    ij-adoester 

present   at   ecLuilibriumi. 

Table   XIII. 

0.25  N  Beriiiiiaidoethyleater,   0.125  N  Sodium  Ethylate 
and   0.125  N   Sodium  Iodide. 


40  4.63 

55  5.79 

''7  '?.06 

100  «.12 

110  8.  •'I 

124  8.9'' 

oo  11. 4^1 


K  =^  12. 

05 

% 

0.0129 

0  .012P 

0.0124 

O.Ol^S 

0.0129 

0.01^5 

Averace  =   0  .012'^ 
Calculated   -   0.0131 


0.25  IT  benzonitrile ,    0.125   sodiijim  -^ithylate,    and  0.125 
N    sodium   iodide:    10   c.c.    rei^uired   '^.29  c.c.    0.2   N  "^'dro- 
chloric   acid    at   first   and   ''.41,    ''.38,    ''.39   c.c.    at   eiul- 
librium.        This   corresponds   to   9.0   per  cent    iiuidoeater 
p»-eaent   at   equilibri'om. 
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CONCLUSIONS . 
The   exnerimental   work  and   theoretical   diacusoicn   in 
the   ijrecedir.G  paces   aliov   that    ethylatea  accelerate   in  a 
purely  catalytic  way   the  aecoinposi  tion   of  iniidoestera   in- 
to  nitriles   antv    alcohols    and    t}ie    addition   of  alcohols    to 
nitriles.        By   a   coiripai-ison   of  the   reaction   velociti'^a 
and   the    conductivity    data   it    is   seen    that   the    ethylate 
ions   have  a   c'efinite   influence  on  the   reaction  which   is 
a    simple    function  of  their  concentration.        The   nonion- 
ized   sodiuiii  ethylate,    furtheriiiore ,  has    a  definite   effect 
on   tlie   reaction   velocity  which  can  be   expressed  as   a   siUi- 
ple    function   of  the    concentration   of  the  tiolecules .      ^'e 
refer  all   data   to    the   norrial    solution  and   use   the   expres- 
sion K^    for   the   e-^fect   of  of  a   c'^ajii  eciuivalent    of  the 
ethylate   ions,    and   the   expression  K     for    the  quiUititative 
action   of  a   r^^'eau  equivalent    of  the  sodiiuii  ethj^late  ii.ole- 
cules,    and  find  practicailj'  constant   values   for  K.    and  1^ 
whatever   the  concentration   of   the  ethylate.        For  "benao- 
nitrile    and  hen^itiido   ethyl   ester    the   value   ^^    :    ^   - 
0.1148    :    0.1003  was   found,   -vhile    for   acetonitrile  and 
acetittido   ethyl   ester   the   values  K.     :   K     -   0.344    :    0.?28 

1  Di    - 

were   obtained. 

This  work   proves    that    the  purely   catalytic   action 
of   scdiuij.  ethylate   on   the   decomposition   of   iuiidoesters   is 
exactly  analagous   to   the    reaction   of  alkyl  haliciea  with 
sodium,    potassiui/i  and    lithiiuJi  ethylates,   with   sodium,    po- 
tassium and   lithiiim  phenolates,   and  v/ith  sodium  1-phenyl- 
3-thioura3ole.        In   all   of  these   cases   the  velocity   of 
the    reaction   can   he   expressed    as  a   function   o^   t'ne   con- 
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cfJiT^.ration   of   the   ion^i   increas-?d   hy  a   function   of  the 
concentration   of  the   nonioni;:ed  iioleculea. 

The   iiiiijortant    "salt   effect"   not-id    in    so  Jiv\t\y   reac- 
tions when    salts  are   added,    has    been   studied    in   all   of 
the    cases  discussed   and   proved    to   "be   due    chiefly   to   a 
change  of  the    concentrations   of   the    ions   and  iiiolecules 
deuianded   by    the    Arrhenius   theory  of  isohydric    anluti  ons , 
Small    subsidiary  effects  ns.y  b-^   due   to   the   (greater   or 
smaller    reactivity   of  aouble  compounds   formed,    and   to 
physical   changes   in  the    solution,    such  as  variations    in 
viscosity . 
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